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Abstract 

In modern nano science and technology the interaction between inorganic nanoparticles and biological structures are the most 
exciting areas of research. The desire to synthesize nanoparticles, using efficient and green chemistry approaches has led to 
the use of microorganisms. Hence the present study reports on the screening of potent Lactobacillus spp for ecofriendly and 
economical synthesis of silver nanoparticles. Total of nine Lactobacillus strains were isolated from milk and milk products 
inoculated to sterilized milk and latter (after 24hr) the whey was collected by coarse filtration (Whatman no.40). Silver nitrate 
(1 mg) was added to 5 ml of pale yellow filtrate then incubated at 37°C. Absorption maximum was measured using 
spectrophotometer. The silver nanoparticles of size ranging from 2 to 20nm were synthesized by Lactobacillus sp VRS-2 
which was confirmed by TEM and EDS analysis. Thus, rapid and ecofriendly biosynthesis of silver nanoparticles using whey 
appears to be economical approach and any research in this direction is encouraging. 
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1 Introduction "^^^^^ 

There is a growing interest in nanoparticles as they provide superior material properties with functional versatility. Especially 
Inorganic nano materials have been widely used for cellular delivery due to their versatile features like wide availability, rich 
functionality, good biocompatibility, capability of targeted drug delivery and controlled release of drugs [1]. Silver 
nanoparticles are among the most commercialized inorganic nanoparticles due to their antimicrobial potential. They have also 
been used for a number of applications such as non linear optics, spectrally selective coating for solar energy absorption, 
biolabelling and antibacterial activities. 

Since biocide-resistant strains emerged, the interest to use silver as an antimicrobial agent is rising again [2]. However, 
antimicrobial agents based on ionic silver (e.g., silver nitrate) have one major drawback, that they are easily inactivated by 
complexation and precipitation and thus have a limited usefulness [3].Zerovalent silver nanoparticles are considered as a 
valuable alternative for ionic silver. Due to their large specific surface-to-volume ratio, nanoparticles have different 
properties than bulk material [4]. It has been shown that silver nanoparticles are antimicrobial towards a broad spectrum of 
Gram-negative and Gram-positive bacteria [5, 6]. Furthermore, silver nanoparticles show antifungal [7] and antiviral activity 

[8] t r\ 

Production of silver nanoparticles can be achieved through different methods. Chemical approaches are the most popular 
methods for the production. However, some chemical methods cannot avoid the use of toxic chemicals in the synthesis 
protocol. Since noble metal nanoparticles such as silver, gold nanoparticles are widely applied to human contacting areas. 
There is a growing need to develop environmentally friendly processes of nanoparticles synthesis that do not use toxic 
chemicals [9]. The biomedical applications of silver nanoparticles can be effective by the use of biologically synthesized 
nanoparticles which minimize the factors such as toxicity and cost and are found to be exceptionally stable. 

The formation of extracellular and intracellular silver nanoparticles by bacteria (Pseudomonas stulzeri, Escherichia coli, 
Vibrio cholerae, Pseudomonas aeruginosa, Salmonella typhus, and Staphylococcus currens) has been investigated [10]. 
There is a need to develop an ecofriendly approach for nanomaterial synthesis that should not use toxic chemicals in the 
synthesis protocol and use of microbes which are Generally Regarded As Safe (GRAS). Hence in the present study, the 
isolation and screening of Lactobacillus spp (Gram-positive commensal inhabitants of the gastrointestinal tract that also play 
important roles in the production and preservation of food) was carried to explore their capabilities of biosynthesizing silver 
nanoparticles which have exceptional antimicrobial activity against broad spectrum Gram-negative and Gram-positive 
bacteria. 

2 Materials and methods 

2.1 Isolation of Lactobacillus spp 

The sample like curd, milk, cheese and khoa, were collected from various local vendors and retail shops. Lactobacillus 
strains used in the study were isolated by serial dilution technique using Modified Lactobacillus Agar (Hi -media, India). The 
bacterium was identified based on cultural and biochemical characteristics. Determination of the isolates was performed 
according to their morphological, cultural, biochemical and physiological characteristics by the procedures described in 
Bergey's Manual of Systematic Bacteriology [11]. Initially all of the isolates were examined for Gram staining and catalase 
production. Then cell morphology and colony characteristics on MRS agar (deMan Rogosa and Sharpe agar) were tested and 
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the isolates were separated into different phenotypic groups. Only Gram -positive, catalase-negative and rod shaped isolates 
were selected for further studies. The isolates were maintained in slants of tomato juice agar. 

2.2 Screening of Lactobacillus spp for silver nanoparticle synthesis 

In a typical procedure of nanoparticles synthesis, every isolate were individually inoculated into sterilize 250 ml of home 
delivered milk in 500 ml Erlenmeyer flask and incubated for curdling at 37°C for 24 hours. The whey was collected by 
coarse filtration (Whatman 40). The filtrate was pale yellow in appearance, and the pH was typically 4.4. The presence of 
lactic acid bacteria in the supernatant was confirmed by observation taken from optical microscope. To 5 mL of each sample 
solution taken in a test tube, 1 mg of AgNo 3 was added and kept in the laboratory under ambient conditions [12]. The 
solution became brown in about 12 h. A brown mass gets deposited at the bottom of the test tube after 24 h. Control was run 
along with experimental flask. 

2.3 Characterization of silver nanoparticles 

The reaction mixture was analyzed periodically using UV-Vis spectrophotometer (Thermo Spectronic Genesys 10 UV 
Spectrophotometer). The absorbance was measured in the range 300-600 nm, which includes the Plasmon absorbance peak of 
the silver nanoparticles centered at 420 nm. Further the nanoparticles from the potent isolate were characterized by 
Transmission Electron Microscopic (TEM) and Energy Disperse Spectroscope (EDS) analysis. 

A drop of sample was placed on a piece of parafilm, carbon coated copper grid was placed and allowed for 5-10 minutes, 
and drained the excess with help of filter paper. Further again the preparation was washed with distilled water and stained 
with 2% uranyl acetate. The dried preparation was observed under transmission electron microscope at various 
magnifications (Model: Hitachi, H-7500) as per the standard protocol [13]. The presence of elemental silver was confirmed 
through Energy Disperse Spectroscopy. 

3 Results and Discussions ^W 

3.1 Production of silver nanoparticles 

In the present study among 9 isolates of Lactobacillus spp, one isolate designated as VRS-2 was primarily confirmed as 
positive by change of the reaction mixture from pale yellow to brown color (Fig 1) indicating the production of silver 
nanoparticles (Ag + to Ag°). It is reported that reduction of Ag + to Ag° occurs through nitrate reductase enzyme [14]. These 
enzymes released in the solution can reduce the silver nitrate to silver nanoparticles through capping agents such as proteins. 
Brown colored precipitate was further employed for characterization of silver nanoparticles. 

3.2 Characterization of silver nanoparticles 

The reaction mixture was analyzed using UV-Vis spectrophotometer. The absorbance was measured in the range 300-650nm, 
which includes the Plasmon absorbance peak of the silver nano particles centered at 430 nm (Fig-2). The silver nanoparticles 
formed were highly stable even after few weeks after the reaction [9]. Formation of colloidal silver particles can be easily 
followed by changes of UV-Vis absorption [15] optical absorption spectroscopy has proved to be a very useful technique for 
the analysis of nanoparticles. The characteristic brown color due to the excitation of Plasmon vibrations in the nanoparticles 
provides a convenient signature of their formation [16]. Appearance of colour arises from the property of the colored material 
to absorb selectively within the visible region of the electromagnetic spectrum [17]. The surface Plasmon band remains in the 
range of 420-440 nm throughout the reaction period suggesting that the particles are dispersed in the aqueous solution with 
no evidence for aggregation after the complete of reaction. 

TEM picture of the silver nanoparticles formed by Lactobacillus sps VRS-2 after 48 h is shown in Fig 3. The TEM 
Technique used to visualize size and shapes of biosynthesized silver nanoparticles have predominantly shown spherical shape 
structures with size ranging between 2nm - 20 nm. This picture shows individual as well as number of aggregates. 
Nanoparticles formed were highly stable due to capping agents such as proteins, and were not in direct contact even within 
the aggregates indicating stabilization of the nanoparticles by a capping agent [18]. Reduction followed by bioadsorption of 
silver nanoparticles is evident after the analysis of TEM micrograph. The reduction of Ag + ions to elemental silver by 
Lactobacillus sps VRS-2 was further characterized by EDS analysis which gives the additional evidence for silver 
nanoparticle synthesized [19]. The optical absorption peak is observed approximately at 3keV, which is typical for the 
absorption of metallic silver nanocrystals due to surface plasmon resonance, which confirms the presence of nanocrystalline 
elemental silver (Fig-4). Spectrum shows strong silver signal along with adjacent phosphorus peak. Nair and Pradeep [12] 
first reported that common Lactobacillus strains found in buttermilk assisted the growth of microscopic gold, silver, and 
gold-silver alloy crystals of well-defined morphology. Biosorption and bioreduction of Ag° on cell surface was also reported 
in Lactobacillus sps. A09 at 30° C, pH 4.5 in 24 h [20]. 

4 Conclusions 

Nanotechnology offers important new tools expected to have a great impact on many areas in medical technology. It is 
expected to accelerate scientific as well as economic activities in medical research and development. Nanotechnology has the 
potential to make significant contributions to disease detection, diagnosis, therapy, and prevention. In the present study we 
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have reported a simple biological extracellular, easy, low cost, non toxic economical and ecofriendly approach for 
synthesizing silver nanoparticles by using Lactobacillus sps VRS-2, which provides extraordinary opportunities to improve 
materials and medical devices. The silver nanoparticles formed were characterized by UV-Vis spectra, TEM and EDS 
studies. The size of the particles was of 2 - 20 nm. Our further studies will be focused on various medical applications of 
silver nano particles. 
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Figure 1: Lactobacillus sps VRS-2 in whey (a) without AgN0 3 taken as control (b) with AgN0 3 (lmg/5 ml) 
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Figure 2: Absorbance spectrum of silver nanoparticles synthesized by Lactobacillus sps VRS-2 
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Figure 3: Transmission electron micrograph of silver nanoparticles embedded on Lactobacillus sps VRS-2 
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Figure 4: EDS of silver nanoparticles synthesized by Lactobacillus sps VRS-2 
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